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Objective:
To create a multibody program for 
modelling drivetrain loads, forces etc 
on main components such a bearings 
and all stages in the gearbox.
1. Introduction
Method:
Matlab code with input for generator 
and rotor loads from FLEX5, using a 
complete structural model of the 
windturbine.
DTU (Risø/Lyngby) AAU
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1. Introduction
“Multibody drivetrain model of a 500 kW wind turbine for
predicting gear tooth stresses in a planetary gearbox” – methods:
Shown on the
next 3 slides
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a) Input:
a) - ”Real” athmospheric turbulent wind speed.
- Wind field (based on TI+mean wind sp)
- Blade aerodynamic data: Lift+
Drag coefficients, radial stations
- Elastic properties, mass, structural
damping, (bending) stiffness, distances,
generator data (mass, moment of inertia, slip, loss/efficiency)
b) Output:
Main shaft/generator torque, rotor/blade forces, displacements etc.
2. Aeroelastic model (FLEX 5)
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FLEX5 
Input
FLEX5
Output
2. Aeroelastic model (+ validation: winddata.com)
Wind speed (m/s)
Power (kW)
Main shaft torque (kNm)
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4. Multibody model – bodies and constraints
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4. Multibody model – bodies and constraints
Force equilibrium
Convert 2nd order Initial Value Problem  Two 1st order ODEs:
ODE45 in Matlab to integrate and get velocities and positions
Eq. of motion:
Algebraic constraints
Diff. eq.
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20 deg. pressure angle
2D gear
constraint
equation
4. Multibody model – bodies and constraints
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Reaction forces (in bearings/gear tooth forces etc):
4. Multibody model – equations of motion
Used for calculating bearing 
and gear tooth reaction 
forces and moments
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5. Results (gear tooth normal forces)
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Example: Mean sun/planet gear tooth stresses:
6 m/s 14 m/s10 m/s
8 m/s 18 m/s
16 m/s
12 m/s 20 m/s
5. Results
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5. Results
Rigid gearbox animation
Flexible gearbox animation
(work in progress)
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6. Conclusions
- Realistic dimensions and input parameters have been used 
for modelling a real 500 kw windturbine and gearbox
- Input to multibody code from Flex 5 has successfully been 
validated using real data (wind speed + strain gauge torque 
+ electrical power)
- A realistic drive-train multibody model has been made
- The multibody program makes it possible to extract e.g. 
bearing and gear tooth forces and moments (information 
which cannot be found with Flex 5 without modifications).
- Results from the program can easily be extracted for further 
analysis using FEM or other tool (e.g. FEM-model of gear 
tooth stresses made in Comsol Multiphysics).
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Thank you for your time
